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(Soleimani et al., 2011)
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Table 1- Combined variance analysis of traits measured on 7 rapeseed variety under irrigation regime
and planting date during 2014-2015 and 2015-2016

o oy S Sl Sl s Syl e ol
;gvé“ 6:"}7 Ko K K s A K Sy
df Palmitics Oleic Linoleic Linolinic Erosik Total Leaf
acid acid acid acid acid  Chlorophyll  Proline
Year Jw 1 019" 1676 1542"¢ 72"  0.016™  0221"° 263.71"
Rep (Year) Jlw o950 5,53 4 00617° 0220 7297 1197  0.006" 0.071" 2.99”
Irrigation s LsT w23, 1 715417 2087" 67.02° 2587 0.329"¢ 2.622" 339.44°
Yeardrrigation s,LsfxJle 1 00016™ 047 ons o"s 0.004"s  0.002"  0.08"S
Planting data  cusls g ,6 1 22.046" 69.51" 318.68™ 103.48" 1.654" 14617 1884.23
Yearx Planting date  cusls’ gu ,bix Jlw 1 0.0016™ 1.82" 2397 305 00003 0001" @ 756"
Cdls gy ybix g Ll
Hamingz‘;e;fr’ié&ion 1 07643 04" 12" 289" 001" 0034  2818"
ol Zo,b Lol x Jlw o " o
Ver Haﬁ;ﬂg:a;;”?é . 1 00076 1617 049 021" 00014 0027  30.71
Erora Lol gls 12 o001 008  0.07 0.64 0.005 0.01 0.62
Variety o3, 026317 096 3917 1027 00171 012" 20.56"
Yearx Variety  a8,x Jlo 0.0024™ 007" 0.5 0.04™ 00003 0.014™  0.19"
VarietysIrrigation o8 x5 kel 0.0028™ 0.05" 01" 001" 00003 0.016™ = 0.19"
3 Lol x Jlw
Year“s\;;i‘;’y"l:r‘ijgaﬂon 6 00023" 009" 011" 008" 00004  0008" 012"
Variety-Planting date o3 xculs &6 6 004537 04" 038™ 01 0001"  0006" 392"
8 yx el 2o ybx Jle
Year“’s\)/xariety "F':‘;n;“rj]g e 6 00042° 003" 028" 001" 000037 0012 114"
sl @.)de)Lng,é) ns n.s n.s ns n.s n.s n.s
Irrigation.Variety. Planting date 6 0.0204™ 0.09™ 007" 004" 0.0005" 0.007™ 0.29"
“"U @‘)B'X_‘S’L‘TJX“’E’XJ_L” 6 00131" 007" 008" 003" 00003 0008" 095"
Y earxV arietyxIrrigation<Planting date
Eromrb e glbs 9% 001 007 063 0.3 0.002 0.009 0.65
(L) CV. &y g i - 8.3 7.6 11.3 9.9 56 5.12 12.7
Aoy ) 50 Jlas! Fola )a)\osz_-.n5)ls‘5gaj,,.évﬁ.‘;):4.,:” 5* s

ns

,"and " non-significant and significant at 5 and 1% probability levels, respectively.
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Table 1- Continued

Ol g )5

RIY)

ok i a0 oYl e els 5 sl S ySlos ; S ySloc
- éél)‘i als x &l 4"_’; AT
SO.V. : carbohydrate : Oil ;
df  Glycosinolat L eaf solution Seed yield seed Seedyield
Year Jlw 1 82.9° 629.97" 11370693 7.13"° 1843468.6
Rep (Year) Jls ooy 1,55 4 7417 246"  182485.1"° 139" 50216.93"°
Irrigation oyl a5, 1 646.7" 244957 44252340° 49.32" 10751696.7
Yearxrrigation g ,bufx Jlw 1 3.28" 399" 90887.65"° 1.68" 473143
Planting data  cusls’ &,6 1 2713.91 11362.76° 16162170" 243.6™ 39690652.1"
Yearx Planting date  cusls’ g ,bix Jle 1 5.64"S 53157  303906.2" 8.84" 121449.3"S
culs 2o U (]
At 1 0.17"s 14.45™  1471314™ 394" 596936.5"
Planting date<Irrigation
cls 2o ,b Lol x Jlw o
&b x sl xJue 1 1.25" 11237 1113113" 011"  226700.7"
Y earx Planting datexIrrigation
Erora Lol gls 12 1.22 251 3422912 054  75686.67
Variety o5, 6 29.91" 116.27" 21128837 254" 524561.3"
Yearx Variety — o8,xJlo 6 0.63" 3.22"s 17849.3"S 0.08"° 3943.86"°
Variety«Irrigation 8 x s el 6 0.69"s 2"s 17264.81" 0.07" 1678.73"S
5 Lol x Jlw
wox ol xJle 6 0.94"s 267" 33207.6™ 006" 7877.08"°
Y earxVariety xIrrigation
VarietyxPlanting date o8 eusls & ,6 6 3.02"s 8.09"s 312494.6° 047  90908.3
3 xS g ybx Jlw o
W hlS g 6 0.86" 7.49 72137.4% 007" 16302.92"
Y earxV arietyxPlanting date
cls 2o, LoTxod
SR T e 6 0.77" 106" 8767.02" 012" 3227.98"
IrrigationxV ariety<Planting date
culs 2o, LuTx od Lw "
s Ebslabeds < 6 0.52" 6.52 14897.8™ 014" 352748
Y earxV arietyxIrrigation<Planting date
Erorb ey glas 9 0.84 2.22 4585966 0.29  95735.91
(1) CV. &y g i - 96 8.4 9.4 12.7 7.7

ns

R RPN N P e o S S EP A PSPPSRI e P VR P
. " and"": non-significant and significant at 5 and 1% probability levels, respectively.

calise 6 Lol o)) yo o (6 pSojlusl lio (Sl =¥ Jgur
Table 2- Average of measured traits in different irrigation regimes

= * ns

) Sl Slyid ¥y Jea s 5 Shos 5Slae
&kl M| . M‘ ) 4.;|..> s als als oyfgy
Irrigation ';i'lg“'(ﬂ/g)s ';gi‘g' ('%: G'E’rf]cg’?gr_‘f;' a Tozfjngg_'f’;\‘,’\';’)hy” Seed yield Ol yield
1 5.19+0.05° 5.66+0.09°  16.81+0.47° 1.47+0.03° 4444.72+142.6° 2022.55+70.55%
2 477+0.04°  6.45+0.122  20.77+0.482 1.21+0.04° 3414.93+118.75 1514.76+56.06"
LSD 0.23 0.65 2.34 0.04 434.4 1455
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Table 3- Mean of measured traits in different cultivars

il gl sl e ‘G(‘;I w*}ff ChIJS J:sﬁ tal
. . . COosINOo| oro| (0]
Planting date Erosik acid (%) {mg.g'l) (mg.%‘lyFW)
1 0.22+0.01 14.76+0.26° 1.64+0.02°
2 0.42+0.01 22.82+0.29% 1.04+0.02°
LSD 0.03 3.45 0.15
calisee a1 50 a6 uSojlul Slaw Sile —F Jguz
Table 4- Average of measured traits in different cultivars
; ol Syl el Sl el Syl Spoden Al SY g eSS JS Judo b5
V;;y Qleic Linol inic Erosi k Leaf Proli nﬁ Glycosi r_110Iat Total Chl _clnrophyll
acid (%) acid (%) acid (%) (umol.gFW™) (mg.g”) (mg.g-FW)
Ahmadi  64.8+02%  6.12+0.23® 0.33+0.03°  15.84+0.89° 18.99+1.06° 1.34+0.07°
BAL1l  64.8+0.16%  6.09+0.2®  0.32+0.02*° 1558+0.75%  19.14+0.88™ 1.32+0.07%
BAL3  64.7+0.17%  6.17+0.2°  0.34+0.02®  1524+0.77° 19.59+0.91° 1.28+0.07%
BAL6  64.94+0.17"° 5.97+0.21° 0.31+0.02%  16.31+0.83" 18.21+0.96" 1.37+0.07™
BAL8  6452+0.18° 6.38+0.22* 0.36+0.02* 14.51+0.77° 20.51+0.95% 1.23+0.07°
HW3  65.02+0.17° 591+0.26* 03+0.02*  16.6+0.85 17.92+0.96" 1.4+0.07®
L72 65.1+0.18%  573+0.21° 0.28+0.03°  17.33+0.95° 17.17+1.04° 1.44+0.07%
LSD 0.22 0.12 0.18 0.14 134 0.11

Golel mohy x Cails ol x Jlo (iiS ey il Cov oads (5,5 o3l Slas (. Kile —8 Jaua
Table 5 Average of measured traits under the influence of year x sowing date x irrigation

regime

Jlw Cls b ol w55 o] S ] S gd Srodan

Year Planting data Irrigation Oleic acid (%) Linoleic acid (%)  Leaf Proline (umol.gFW™)
1 10 Novamber Control 65.8+0.052* 19.17+0.102% 20.52+0.324°
1 10 Novamber cut 64.06+0.032° 16.12+0.154° 11.72+0.15
1 25 Novamber Control 64.74+0.077° 17.85+0.14° 15.94+0.335"
1 25 Novamber cut 63.49+0.08' 14.91+0.1889 10.48+0.146°
2 10 Novamber Control 65.93+0.069° 18.42+0.22° 21.69+0.289°
2 10 Novamber cut 64.99+0.09° 15.66+0.256' 15.46+0.278"
2 25Novamber Control 65.47+0.035 16.9+0.229" 18.92+0.21°
2 25 Novamber cut 64.24+0.091° 14.65+0.187" 12.6+0.32°

LSD 0.23 134 1.56




YYAA Gl BT o)los (o0 g Al ¢ 2]y LS (65505053951 cade oy i

-, —— e g it R A T ke gl oot

. s 90 40
a ]ovrdar-ag 1w 80 + irai-40 - 35,
- T troy L7 L3 ¥
31 1w b 260 [ 55
oot L. J D 20 4
31 I} ta 3
% - Lad 3 L 15 %
- B . ‘: _}, 30 w,
vo 1 T 1 - 10 3

LYl L + ¢ 1" 4 -5

- u- —_ —_
EAREEREE ¥3aidiig
Bl o ale % "T

VWAF-A0 5 VWAY-AF el)s Jlo 98 0 7,5 Setgim olKiml ()b g ailale slos uSilee =) S
Figure 1- Mean monthly temperature and precipitation of Karaj synoptic station during two
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Gl oS Lls o b 31 Ko s a IS ) o Slas g oS Sleii - o San 5 >,

47 - m 10 Octobr 25 Octobr a
bc
46 d
e
. 45
A
3N
3 = 7 i eh '
39 " j
TES-
42 A
41 — T T T T
Ahmadl BALI11 BALG  BALB HW3 L72
s
Variety

Gl 89, woyd p Bl b g 8, HSU-F S5
Figure 4- Effect of variety and planting date on oil percentage

3000 - ™10 Octobr 25 Octobr

j a

o, 2500 -

<

- 2000 -

23

2 31500 -

g3

L © 1000 -

ﬂﬂ S 500 -

= 0.

Ahmadl BALIL  BAL3 BALB

ﬂ-—.u'&
Variety

als g, 9, 8ee S b 5 o8, RIL-0 S
Figure 5- Effect of variety and planting date on ail yield



oYY VAR (liee; €ONF olods u o ol ¢ el LS (s5sss 5udsST cale 4y 5 I

References ooliiw! 890 sl

eAhmadi, M., and M.J. Bahrani. 2009. Yield and yield components of rapeseed as
influenced by water stress at different growth stages and nitrogen levels.
American-Eurasian Journal of Agricultural and Environmental Sciences. 5: 755-
761.

eAL- Barrak, K.M. 2006. Irrigation interval and nitrogen level effects on growth and
yield of Canola (Brassica napus L.). Scientific Journal of King Faisal University. 7
(2): 87-103.

e Anonymous. 2018. http://www.fao.org/faostat/en/#data/ QC

eAzadmard-Damirchi, S., and P.C. Dutta. 2006. Novel solid-phase extraction method to
separate 4-desmethyl-, 4-monomethyl-, and 4, 4'-dimethylsterol in vegetable oils.
Joutnal of Chromatogr Anatomy. 1108: 183-187.

eBilsborrow, P.F., and G. Narton. 1991. A consideration of factors affecting the yield of
oilseed rape. Proceeding of Internatonal Canola Conference. Saskatoon, Canada.
pp: 1195-1201.

eBray, E.A., J. Bailey-Serres, and E. Weretilnyk. 2000. Responses to abiotic stresses. In
W Gruissem, B. Buchannan, R Jones, (eds), Biochemistry and Molecular Biology
of Plants. American Society of Plant Physiologists. Rockville, M.D. 1158-1249.

eBrevedan, R.E., and D.B. Egli. 2003. Short periods of water stress during seed filling,
leaf senescence and yield of soybean. Crop Science. 43: 208-218.

eChen, C., G. Jackson, K. Neill, D. Wichman, G. Johnson, and D. Johnson. 2005.
Determining the feasibility of early seeding canola in the Northern Great Plains.
Agronomy Journal. 97: 1252-1262.

eChen, C., W.A. Payne, RW. Smiley, and M.A. Stoltz. 2003. Yeild and wather use
efficiency of eight wheat cultivars planted on seven dates in northeastern Oregon.
Agronomy Journal. 95: 836-843.

eDebaeke, P., and A. Aboudrare. 2004. Adaptation of crop management to water
limited environments. European Journal of Agronomy. 21: 43-56.

eFlagella, Z., T. Rotunno, E. Tarantino, R. Di Caterina, and A. De Caro. 2002. Changes
in seed yield and oil fatty acid composition of high oleic sunflower hybrids in
relation to the sowing date and the water regime. European Journal of Agronomy.
17: 221-230.

eGhasemian-Ardestani, H. 2019. Evaluation of agro -ophysiological response of
selected rapeseed cultivars to different temperature and humidity regimes for
adaptation to climate change. Ph.D. Thesisin Agroecology, Ferdowsi University of
Mashhad.

elgbadun, H.E., H.F. Mahoo, A.K.P.R. Tarimo, and B.A. Salim. 2006. Crop water
productivity of an irrigated maize crop in sub-catchment of the Great Ruaha River
Basin, Tanzania. Agricultural Water Management. 85(2): 141-150.

eJan, S., R. Yue-Lioang, L.E. Me-wang, Y. Ting-Xian, Y. Xiao-Wen, and Z. Hong-
Ving. 2010. Effect of drought stress on sesame growth and yield characteristics



$r3b S blps o Jad BT (Sas 5 4 1515 61 0 Shoe g (S Slpis - o Sen g (>, ot I

and comprehensive evaluation of drought tolerance. Chinese Journal of Oil Crops
Sciences. 4: 42-48.

eKhdlili, M., H. Hamze. 2019. Effect of Super-Adsorbent and Irrigation Levels on
Quantitative and Qualitative Characteristics of Sugar Beet (Beta vulgaris). Journal
of Crop Ecophysiology. 3(51): 395-412.

eKosaki, A., E. Psomiadau, M.T. Simidou, A.R. Lopia. A. Tienonen, and P. Kefaas.
2002. Oxidative salinity and minor constituents of virgin olive oil and rapeseed oil.
European Food Research and Technolgoy. 2(4): 294-304.

eLarcher, W. 2003. Physiological plant ecology. Springer Verlag. Berlin. Heidelberg.
Germany.

eMafakheri, S., R. Omidbeigi, F. Sefidkon, and F. Raali. 2010. Effect of
vermicompost, biophosphate and azotobacter application on the gquantity and
quality of essential oil of dracocephalum (Dracocephalum moldavica L.). Iranian
Journal of Medicinal and Aromatic Plants. 27(4): 596-605. (In Persian).

eNasr, N., M. Khayami, R. Heidari, and R. Jamei. 2006. Genetic diversity among
selected varieties of Brassica napus (Cruciferae) based on the biochemical
composition of seeds. Journal of Agricultural Science and Technology (JUST).
32(1): 37-40.

eNielsen, D.C. 1997. Water use and yield of canola under dry land conditions in the
centeral Great Plains. Agriculture. 10: 307-313.

eNielsen, D.C., and N.O. Nelson. 1998. Black bean sensitivity to water stress at various
growth stages. Crop Science. 38: 422-427.

ePandey, R.K., JW. Maranville, and A. Admou. 2001. Tropica wheat response to
irrigation and nitrogen in a Sahelian environment. |. Grain yield, yield components
and water use efficiency. European Journal of Agronomy. 15(3): 91-105.

ePasban Edam, B., B. Alizadeh, 2019. Response of seed and oil yields and yield
components of some rapeseed (Brassica napus L.) genotypes at saline areas of
Tabriz. Journal of Crop Ecophysiology. 3(51): 485-498.

eRobertson, M.J., and J.F. Holland. 2004. Production risk of canola in the semi-arid
subtropics of Australia. Australian Journal of Agricultural Research. 55(5): 525-
538.

e Sadeghipour, O. 2008. Effect of withholding irrigation at different growth stages on
yield and yield components of mungbean (Vigna radiate L.) varieties. American-
Eurasian Journal of Agricultural and Environmental Sciences. 4(5): 590-594.

eSavage, G.P., D.L. Mcnell, and P.C. Dutta. 1997. Lipid composition and oxidative
stability of ails in hazelnuts (Corylusavellona L.) grown in New Zealand. Journal
of the American Oil Chemists Society. 74: 755-759.

eShargi, F., E. Khalilvand Behrouzyar. 2019. Effect of nano-TiO2 and salicylic acid
foliar application on some biochemical traits of corn 704 single cross under water
regimes. Journal of Crop Ecophysiology. 3(51): 413-430-412.

eSinaki, M., E. Mgidi Heravan, A.H. Shirani Rad, G. Noormohammadi, and G.H.
Zarei. 2007. The effects of water deficit during growth stages of canola (Brassica



010 VAR (liee; €ONF olods u o ol ¢ el LS (s5sss 5udsST cale 4y 5 I

napus L.). American-Eurasian Journal of Agricultural and Environmental
Sciences. 2: 417-422.

eSoleimani, A., E. Moradi, and L. Narenjani. 2011. Investigation of the effects of
irrigation interruption at different growth stages on seed and oil yield of autumn
rapeseed cultivars. Journal of Soil and Water Science and Technology. 25(3): 426-
435.

eStarner, D.E., A.A. Hamama, and H.L. Bhardwaj. 2002. Prospects of canola as an
alternative winter crop in Virginia. In: Trends in new crops and new uses. Janick,
J. and A. Whipkey (eds.). ASHS Press. Alexandria. VA. 127-130.

eYang, JC., JH. Zhang, Z.Q. Wang, and L. Liu. 2003. Postanthesis water deficits
enhance grain filling in two-line hybrid rice. Crop Science. 43: 2099-2108.



Journal of Crop Ecophysiology / Val. 13, No. 4, 2020 516 I

Qualitative Changes and Yield of Rapeseed (Brassica napus
L.) Cultivarsin Drought Stressin L ate Season

M ojtaba Rouhi*, Mohammad Banayan Aval®, Amir Hossein Shirani Rad®

Received: April 2019, Revised: 30 September 2019,  Accepted: 12 October 2019

Abstract

To study the eco-physiology of new winter varieties of rapeseed (six lines ready for
introduction, along with Ahmadi, native variety, as control), for drought stress of the end of the
season were evaluated with two levels of planting dates, including the usual sowing date
(October 12™) and late planting date (October 27™), and irrigation with two levels including
normal irrigation (control) and cutting off irrigation at the siliquing stage studied in a factorial
split plot experiment based on a randomized complete block design with three replications for
two years (2014-2015 and 2015-2016) at the Seed and Plant Improvement Institute, Agricultural
Research Organization in Kargj. Cultivar L72 had higher palmitic acid content in both planting
dates. Normal irrigation and October 12" planting date had the highest oleic and linoleic acids,
66.2 and 18.34%, respectively. The highest erosic acid (0.27%) belonged to cultivar HW3 and
on October 12" and the highest linolenic acid was obtained (6.95%) by cultivar L72. The lowest
linoleic acid was obtained on October 27" by cultivar HW3. Under water stress condition, seed
glucosinolate content was 14% more than the normal irrigation. The highest seed yield (4231.2
kg.ha) was obtained from sowing date of October 12" from cultivar L72 and the lowest of seed
yield was obtained on October 27" from cultivar HW3. The highest seed oil percent (46.54%)
and oil yield (2576.6 kg.ha') were obtained on October 12" from cultivar L72 and the lowest of
these triats were obtained on October 27" from cultivar HW3. In general, the results showed
that under stress condition, cultivar L72 produced highest seed and oil yields in both planting
dates.

K ey words: Drought stress, Linoleic acid, Linolenic acid, Rapeseed.
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